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Like the movements of the MinD protein, rapid move- 1965 to 1996, the period covered by the book, Don
Metcalf was Head of the Cancer Research Unit andments are occurring in the intellectual landscape of cell
Assistant Director of the Institute, which was headedbiology, and cell polarity is no exception. This volume
during this period by Gus Nossal. The focus of Metcalf’sis a snapshot of the field as it currently stands, and it
Unit on the developing area of hematopoiesis differedwhets our appetites for the advances sure to come in
from the overall focus of the Institute which was thethe next five years.
burgeoning field of immunology. In his positions at the
Hall Institute, Don was able to attract some of the bestJohn Chant
young research colleagues Australia had to offer, sev-Department of Molecular and Cellular Biology
eral of whom continued to work with him as more seniorHarvard University
scientists and currently hold important positions in7 Divinity Avenue
Australian biological science. Over his prolific researchCambridge, Massachusetts 02138
career, Metcalf has published more than 400 peer-
reviewed scientific papers, 200 other scientific papers, and
7 books. He has received numerous honors and awards.
The book begins by describing how in 1964, Ray Brad-Dogged Don
ley introduced Don to the method for growing bone
marrow colonies. Bradley, working in the Physiology
Summon up the Blood: In Dogged Pursuit Department of the University of Melbourne, had devel-
of the Blood Cell Regulators oped the method completely independently of Pluznik
By Donald Metcalf and Sachs at the Weizmann Institute in Israel. Based
Miamisburg, OH: AlphaMed Press (2000). 214 pp. $29.95 on his frustration with whole animal studies of thymus
development, Don saw the potential of using in vitro
approaches, and decided to establish these cultures in
Hematopoiesis is the process by which millions of ma- his own laboratory. After working for a year with Bill
ture blood cells, including erythrocytes, leukocytes, Robinson, his first Ph.D. student, Don left for a sabbati-
platelets and immune effector cells, are produced per cal year in the U.S. At this stage, I arrived to commence
hour by proliferation and differentiation of stem cells my Ph.D. project on the characterization of CSF.
found in spleen, bone marrow, and fetal liver. It is in The chapter entitled “The Dubious Joys of Bioassays,”
large part regulated by the action of the hematopoietic describes an activity I remember Don spending much
cytokines, some of which are found in the circulation, of his time doing on return from his sabbatical—counting
and most of which are also produced locally. A subset colonies. He would sit bolt-upright in a straight-backed
of four of these cytokines regulate the production of chair (due to perennial back problems), smoking short
granulocytes and macrophages. These four cytokines cigarillos. We had many conversations where his eyes
are known as colony stimulating factors (CSFs) because did not leave the scope! He is justifiably proud of assum-
of their ability to stimulate immature progenitor cells to ing the burden of colony counting over the decades.
proliferate and form colonies of mature cells in culture. His fascination and dedication to thoroughly analyzing
For the last 35 years, Don Metcalf and his Unit in the cultures, and to identifying the cell types in colonies
Walter and Eliza Hall Institute of Medical Research have stimulated by biologically active fractions, was critical
made a major contribution to our understanding of the to the discovery of granulocyte-macrophage CSF (GM-
nature and actions of the CSFs. Summon up the Blood CSF) and in particular, of granulocyte CSF (G-CSF),
is a strongly autobiographical, personal account of the which stimulates the formation of very small, transient
development of this field from one of its most eminent colonies, that others might have missed or ignored.
leaders. The book covers the identification and purifica- The description of the early period covers the charac-
tion of CSFs, the cloning of the genes encoding them, terization of CSF in mouse serum, its discovery in human
analysis of their biological activities and roles in disease, urine and its purification from this source. This CSF was
the identification of their receptors, and the effects of subsequently named macrophage CSF (M-CSF) by the
inactivation of their genes in mice. During this period Metcalf group. Following its distinction from other CSFs
two important advances were necessary for these by competitive binding assays, I named it CSF-1, on the
achievements. The first was the development of sensi- basis of the subsequently verified prediction of its action
tive protein microsequencing required to sequence the on cells other than macrophages and not because, as
very small amounts of purified CSF protein available. indicated in the book, it was the first CSF to be purified.
The second was the development of recombinant DNA In the current literature, both names persist. While I
technology that enabled production of the large amounts of prefer CSF-1, in this article M-CSF is used, as in the
CSF protein needed for biological testing and eventual book. The task of purification of the CSFs (M-CSF, GM-
therapeutic use. CSF, G-CSF and interleukin-3 [IL-3 or multi-CSF]) was
Following completion of his medical degree at Sydney immense. In contrast to two previously purified growth
University, in 1954 Don Metcalf was appointed Cardin factors, epidermal growth factor and nerve growth fac-
Fellow in Cancer Research at the Hall Institute in Mel- tor, which are unglycosylated proteins representing up
bourne. He and two outstanding fellow medical gradu- to 1/40 of the starting material, the CSFs are glycopro-
ates, Jacques Miller and Gus Nossal, joined the Institute teins, representing as little as 1/100,000 of the starting
at about the same time; they were attracted there by protein. Initially, the goal of CSF purification was to ob-
MacFarlane Burnet, who in 1960 won the Nobel Prize tain purified factor for in vivo experiments. After the
recombinant DNA revolution, the immediate aim was tofor his work on acquired immunological tolerance. From
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obtain protein sequence for cDNA cloning and expres- etic stem cell transplants. In particular, the use of periph-
eral blood cells from donors previously injected withsion of the recombinant protein. These were efforts
where the blood was really summoned up—and also G-CSF to mobilize primitive hematopoietic cells has re-
sulted in the increased use of peripheral blood ratherthe supply of starting material! Despite high recoveries
during purification, the sequencing of M-CSF required than bone marrow for transplantation, in decreased
posttransplantation infection and in a decreased re-1600 liters of human urine from selected donors, while
an almost unbelievable 140 batches of mouse lung con- quirement for platelet transfusions.
As Don Metcalf himself acknowledges in his introduc-ditioned medium, each derived from 800 mice, was re-
quired for the GM-CSF sequence determination! By tion, the book represents a fairly skewed description of
the field, as it largely reports on the activities of a single1972, M-CSF from urine had in fact been purified
(z100,000-fold), but microsequencing had to wait until research unit over the past 35 years. As such, it neglects
some interesting areas that could have been discussed,1984, in a collaboration between Cetus Corporation and
my laboratory. The Metcalf group obtained their initial such as the early development of competitive binding
assays, the initial studies of the interaction of the CSFsGM-CSF sequence in 1983 in a collaboration with the
developers of the protein microsequencing technology, with their receptors, and CSF clearance mechanisms.
The discussion of the role of CSFs in myeloid leukemiaHunkapillar and Hood. The contributions of Nick Nicola,
Anthony Burgess, and others on the purification of CSFs focuses primarily on G-CSF, GM-CSF, and IL-3 as well
as leukemia inhibitory factor (LIF), that was purified andby the Metcalf group are amply acknowledged in the book.
A fascinating chapter describes the race to isolate cloned by the Metcalf group. The discussion of autocrine
regulation is somewhat limited. For example, there is nocDNA clones encoding mouse and human CSFs. It was a
time of several surprises, as groups without a substantial mention of the evidence for an autocrine role of M-CSF
in leukemia. In particular, the pioneering work of Rayprevious record in the field, but with expertise in the
newly developed recombinant DNA technology and Bradley, George Hodgson, and colleagues on the syner-
gism between CSFs and other factors in colony forma-some with commercial backing, were able to achieve
rapid success in cloning genes encoding biologically tion by very primitive hematopoietic cells, using bone
marrow from 5-fluorouracil-treated mice that was selec-interesting molecules. The Metcalf group was faced with
the choice of learning the new recombinant DNA tech- tively depleted of committed progenitor cells responsive
to individual CSFs, is not mentioned. These studies lednology or collaborating with the emerging biotechnology
companies intensely interested in obtaining cloned CSF to the recent development of in vitro conditions for he-
matopoietic stem cell proliferation that will have impor-cDNAs. They chose the former path. They were the first
to clone the gene for a CSF, mouse GM-CSF, in 1984 tant consequences for stem cell transplantation and
gene therapy. In addition, there are some inaccuracies.and the important contributions of Nick Nicola, Ashley
Dunn, and Nick Gough to the studies published by Met- For example, the book implies that the Unit was the first
to purify a CSF (GM-CSF), in 1977 (Burgess et al., J. Biol.calf and colleagues during this period are acknowledged
in the book. One year later, a Genetics Institute group Chem. 252, 1988–2003, 1977). However, purification was
not achieved until a subsequent paper (Sparrow et al.,reported the cloning of human GM-CSF. In the flurry of
Proc. Soc. Natl. Acad. Sci. USA 82, 292–296, 1984), incytokine cloning activity at the time, several patenting
which they showed that their original preparation wasissues were not clear. Fortunately for the Metcalf group,
not pure. On the other hand, purification of M-CSF, withthe dominance of the mouse GM-CSF patent over the
the same specific activity as purified recombinant M-CSF,subsequent human GM-CSF patent was eventually es-
was achieved in 1977 (Stanley and Heard, J. Biol. Chem.tablished in 1997.
252, 4305–4312, 1977). Finally, as in retrospective de-Another intriguing chapter reviews the known null mu-
scriptions of this type, the account has been overlaidtation/knockout mouse phenotypes of the CSFs and
with thoughts that contribute to the story, some of whichtheir receptors and some CSF transgenic mouse pheno-
do not reflect my recollections of the approaches ortypes. It reviews the surprises encountered by the dis-
thoughts of the workers at the time. Thus, for the realcovery of the existence of a spontaneously arising
scholar of the history of this field, this book, althoughM-CSF null mutation, the not-so-obvious phenotypes of
valuable, presents a particular view of the story.the GM-CSF null and IL-3 null mice, and the broader-
In summary, despite some shortcomings, Summonthan-expected phenotype of the G-CSF null mice.
up the Blood is a rich, personal account of a scientificThe discussion of the clinical uses of the CSFs is
saga in an area of hematology whose heyday we areparticularly interesting. Their potential applications are
still enjoying. For those in the field, it provides not onlystill being actively explored and it is unfortunate, there-
a very readable, historical perspective of the work onfore, as Metcalf appropriately laments, that due to the
CSFs, but also an insight into the thoughts and characterproprietary interests of companies marketing them, im-
of its most important early force. For those outside theportant studies of the effects of combinations of CSFs
field, it is an engaging story of discovery, from basichave not been performed. The initial experiments with
biology to the clinic, that has taken place during a periodthe GM-CSF and G-CSF, those CSFs which have so far
spanning incredible developments in biological science.turned out to be the most clinically useful, are discussed
in more detail. The most successful application of these
two CSFs has been in reducing infections in patients E. Richard Stanley
Department of Developmental and Molecular Biologywith congenital and cyclic neutropenias, while their
widespread application has been to accelerate white Albert Einstein College of Medicine
Bronx, New York 10461cell recovery and reduce infections in patients receiving
chemotherapy for solid tumors, or receiving hematopoi-
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